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SUMMARY 


New propagation curves for use in television and frequency 
modulation broadcasting were developed from an extensive analysis 
of data accumulated since these broadcasting services were es- 
tablished. А new method of applying terrain roughness factors 
for improving the &ccuracy of field strength predictions was 
developed for use with the new curves. The new curves apply for 
both the median and the field strength exceeded 10% of the time. ` 
At distances out to about 15 or 20 miles from the transmitter, 
the new VHF and UHF curves are nearly the same as those presently 
in the FCC Rules. At further distances, out to about 60 miles, 
the field strengths indicated by the new 500 foot VHF curves are 
within * 2 dB of the present curves, The new 1000 and 2000 foot 
VHF curves are up to 6 dB lower than their existing counterparts 
out to 86 and 106 miles respectively for Channels 2-6, and out to 
73 and 89 miles respectively for Channels 7-13, beyond which dis- 
tances the new curves run up to 14 dB higher than the existing 
curves. For ІНЕ the field strengths are somewhat lower than indi- 
cated by the present curves, reaching & maximum change at dis- 
 tances in the order of 60 miles. There is very little change 
for average UHF antenna heights for distances beyond 110 miles. 
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INTRODUCTION 


This revision of the FCC Report No. R-6502 (Ref. 1) presents the 
data and background material leading to the development of improved 
field strength probagation curves in the VHF and UHF bands, as proposed 
for use in television and frequency modulation broadcasting services by 
the Federal Communications Commission. The existing FCC rules contain 
VHF апа UHF propagation curves developed in the late 1940's as a result 
of studies made by the Ad Hoc Committee for the evaluation of the radio 
propagation factors concerning television and frequency modulation broad- 
casting services in the frequency range 50- 250 Mc/s, FCC Docket Nos. 8736, 
8975, and 9175 (Ref. 2). Since then, additional field strength data have 
become available to the Commission and studies have been made to improve. 
the accuracy of the existing curves. The first major step in this direction. 
was taken in 1960 by the Radio Propagation Advisory Committee (RPAC) composed 
of engineers from the industry, the FCC, and other government agencies. 
Results of the RPAC efforts proved helpful in the subsequent work of the 
Commission's engineers in developing complete sets of VHF. and UHF propa- 
gation curves, culminating in rule-making proceedings in Docket No. 16004 
proposing the incorporation of the new curves in the FCC rules. 


. Subsequently, the Association of Federal Communications Consulting 
Engineers (AFCCE) filed a "Petition for Extension of Time for Filing 
Comments," indicating that the AFCCE could furnish additional measurement 
information, and requesting the Commission to call an Engineering Con- 
ference to consider the proposed new curves. This Conference was held on 
September 16, 1965. After reviewing the information available at the time, 
the Engineering Conference agreed to the formation of a Working Group con- 
sisting of a representative of AFCCE, FCC engineers, and volunteers from 
the industry and from other government agencies. This group made extensive 


studies of all information available, and developed new curves which incorpo- 


rated a method of correction for terrain roughness. These curves were pub- 
lished in "Report of the Working Group for the Engineering Conference in. 
Docket No. 16004, on the Development of New FM and TV Propagation Curves," 
dated April 12, 1966 (Ref. 3). This report also contained a nomogram for 
correcting the curves for other than average terrain, a brief description 
of the procedures used in developing the curves, and a recommendation 

that the curves and terrain corrections be adopted by the Commission for >~ 


incorporation in the Rules and Regulations Governing Radio Broadcast Services. 


In the present report, curves are shown for median locations and for 
field strength levels exceeded for 50 percent and 10 percent of the time. 
Values of field strength exceeded for 90 percent of the time may be ob- 
tained by assuming that the time fading follows the normal or Gaussian 
type of distribution, with symmetrical variation about the median level. 

In general, the fading ratios for VHF and UHF tend to follow the dB 

. normal or Gaussian type of distribution, at least between the 10 percent 
and 90 percent levels. Throughout this report the median fields are in- . 
dicated as F(50,50) fields and the interference fields as F(50,10) fields. 


i E 


This nomenclature refers respectively to field strengths exceeded at 

50 percent of the locations during at least 50 percent of the time, and. 
at 50 percent of the locations during at least 10 percent of the time, 

following the general notation F(L, T) where L and T are location and 
time ра селдее: E | 


TERRAIN ROUGHNESS 


The new propagation curves are intended to be representative оғ. 
propagation over average terrain in the United States. In order to make 
maximum use of the available data, which were taken over terrain of. vary- 
ing roughness, the data were adjusted by applying the correction factor 
described below. Several terràin roughness correction techni ques were 
considered and the method described herein was found to be most readily 
adaptable to the job at hand, In this method the CCIR criterion for 
roughness (Ref. 4), was used to determine a terrain roughness factor for 
each radial. NC? ` i er qr] | 


Using this criterion for де ветна но roughness, an analysis was made 
of data from VHF and UHF surveys involving 118 radials, with path-lengths 
ranging from about 10 to 90 miles. For each radial, the deviation of 
field strength from the overall average. for the ` pertinent frequency range 
(low УНЕ, FM, high VHF and UHF) was found. There was no significant 
variation of the correction factor with distance from the transmitter. 

The deviations for all radials were plotted to determine the trends of 
field strength variations with wavelength and Ah. This mae resülted 
in the derivation of ihe oru л, | 


300 


where | ДЕ is. the. change in. "field Е due to variations E 
| ps in terrain roughness, in dB, | 
A is the wavelength in. meters, 
f ` is the frequency in Mc/s and > 
h is the CCIR terrain roughness factor, i.e. the 
|» difference (meters) in elevation between the 
levels exceeded for 10 and 90 percent of the 
terrain along the radial in the range 10 to . 
` BO kilometers (6 to 31 miles) from the trans- 
mitter. See Figure. 1; : 


This equation is plotted in Figure 2, along with the data used in 

deriving it. In the development of the final propagation curves it was 
assumed that a value of Ah equal to 50 meters was appropriate for ; 
average terrain roughness in the United States, and the data were adjusted 

to: this “vor ss "iu. Е аро ало: Ё[ 
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After the final field есен curves were derived, РИ root-mean- 
'squares of the deviations of the mobile data from the F(50, 50) 'curves, with 
and without the terrain roughness correction, were calculated for the ` 
various frequency ranges. These values are shown in Table I. Also shown 
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in Table I are the root-mean-squares of the deviations: for. WEYN-EM. nd. 
WHYN-TV, channel 40, Springfield, Massachusetts and channels 2, 7, and. 

31 in New York City. The Springfield data were included to show the effect 
of the roughness correction in areas where the terrain is extremely rough. 
The New York City data are of particular interest in correlating frequency | 
. with other parameters because measurements were made over the same paths 
for all three stations. It should be kept in mind that the values for. | 
individual stations may be in error due to uncertainty in determining the 
effective radiated power in a given direction. 


LADLE TABLE I 
Without. terrain With terrain: 
roughness correction roughness correction Difference 
ав | ав Ж © dB. 

Low VHF 9.0 TT ONUS де THIS 
High VHF Toh . 6.8 20.6: 
UHF 15.2 9.3 159 
М. Y. Channel 2 5.8 4.1 Y 
N. Y. Channel 7 29.9 6.7 3.2 ` 
N. Y. Channel 31 10.6 ` 7.3 k. К 
WHYN-FM . 17.2 12.1 i Deli 
WHYN-TV 22.6 — 10.8 1238. :: 


i 
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The deviations used in calculating these values were for the average or 
median field strength over 10-mile radial segments from 10 to 60 miles ` 
from the transmitter. Тһе relatively low values for high VHF were кей 
|: due to the fact that nearly all these data were taken. over апе. 
Smooth. terrain, 


The curves in Figure 3 may "bd T for adjusting. the new ИТИИ | 
curves (Figures 17, 18, 19, 20, 29 and 30) for terrain roughness. Where ` 
greater detail is required in determining variations due to frequency, the 
curves in Figure 3 may be applied by interpolation within the frequency 
ranges for which the propagation curves were designed. This procedure 
would be especially useful for Channels 14 to 83 curves, where terrain 
variations have greater influence on propagation as affected by frequency 
The new propagation curves were designed to represent approximate centers | 
оҒ the respective ылы. bands at 75, 195 and. 650 Mc/s. | 


The corrections for terrain ораса В аге intended for application in 


estimating median (or average) field strengths over areas where the general 
character of the terrain is fairly uniform, or where there is по abrupt 
change in terrain roughness. It is not possible to accurately predict the 
field strength at any given receiver site, Useful predictions are possible 
when medians are required in describing the distributions of field strength 


over areas of appreciable extent. The standard error of estimate for median © 


values will diminish when the area under consideration із increased. | 


The data available in “formulating the empirical equation for AF, . pro- 
vided information for distances out to about 60 miles, and for values of 
Ah up to 400 meters. At distances beyond 60 miles, for both the F(50,50) 
and F(50,10) curves, the terrain roughness corrections should be used with 
caution pending the development of better information from measurements 
which may be accumulated later for these distances. 


It is recognized that many considerations other than overall terrain 
roughness, such as obstructions of hills, trees, etc., antenna heights, 
local structural environment, inclination of the land, and weather condi- 
tions over the propagation path, will all contribute toward variations of 
individual measurements of field strength. As further experience is gained 
in the study of these effects, greater accuracy in the prediction of field 
strength coverage will be possible. 


DIURNAL AND RECEIVER LOCATION BIAS CORRECTIONS 


A review of the available data indicated that the differential between | 
the day and night field strengths was negligible in the VHF bands, insofar 
as any adjustment for mobile measurements taken in daylight hours was con- 
cerned. Іп the UHF band, а diurnal correction was eee for adjusting | 
the.daytime mobile measurements as follows: 


D - Drs in Miles Diurnal Correction in dB 
Less than -15 | 0 
-15 to 5 Tl. 
5 to 15 3 ‚ t2 
r5 50.235 : +3 
35 to 45 | +2 
45 to 55 ат 
Моге than 55 0 


Most of the fixed-point, long-term measurements were made at sites 
which were engineered to take advantage of the surrounding terrain, thus 
making them in effect, "preferred" locations, while all other measurements 
were adjusted to conform with average terrain conditions in the derivation 
of the new curves. An examination of measurements taken at randomly selected 
locations at 85 and 125 miles from FM stations in Ohio (1959 TASO Report, 
Page 313; Ref. 5) provides information applicable to the correction of long- 
term measurements made at "preferred" locations. From this study it was 
estimated that the fixed-location, long-term data should be corrected by 
-4 dB on VHF, and by -6 dB on UHF. 


GENERAL DEVELOPMENT PROCEDURES 


The development of the curves was divided into three major parts: 
(1) Low band VHF, including the FM band, 54 to 108 Mc/s; (2) high band 
VHF, 174 to 216 Mc/s; and (2) UHF, 470 to 890 Mc/s. Examination of the 
available information and data in each of the three frequency ranges 
resulted in the determination of antenna height-gain relationships, of 
terrain correction factors, of fading ratios for the F(50,10) curves, and 
of frequency effects. The various curves for all these parameters were 
drawn and redrawn until the smoothest possible соһегепсе was obtained, and 
until the best possible fit with the data was shown, considering the natural 
correlations between all these variable factors. 


In this report the transmitter antenna height was considered to be 
the height of the electrical center of the antenna above the average of 
all elevations within the range from 2 to 10 miles from the antenna. When 
sufficient information was available, these elevations were taken along: | 
the radial in the direction of the receiver. 


The details of the development of the VHF and ИНЕ curves are treated 
separately later in this report. However, the general procedure was the ` 
“same, namely, the derivation of a base curve through the corrected data 
and derivation of a family of curves from this base curve. These дегі-. 
vations were made in two steps; within-the-horizon curves, and beyond- -the- 
horizon curves, with the two merged together near the radio: horizon. For 
transmitting antennas within the radio horizon, linear height gain: was, 
assumed. For height gains beyond the horizon а D - DLS relationship de- ` 
scribed below was applied. Departure from linear height gain occurs close 
in where the curves are restricted from exceeding free-space fields, | and 


near the horizon where one antenna is within line-of-sight and other. lower 


antennas are beyond the line-of-sight. 


For distances beyond the horizon, height gain was based on studies | 
made by the Radio Propagation Advisory Committee, and by the National. 
Bureau of Standards, which indicate that field strength is a function of. 
distance between horizons (Refs. 5, 6, 7, 8). Using this concept, the 
attenuation of field strength well beyond the radio horizon can be rep- · % 
resented as the result of two trends: а trend of 10 log D (D = trans- ` 
mitting distance) plus a trend with distances beyond the horizon, D - D 
where Dis is the line-of-sight distance. All of the pertinent beyond- 


the-horizon data adjusted by 10 log D were plotted versus the appropriate // 


D - Drs values, with best fit base curves drawn through such data 
(Figures 4, 5, 22 and 24). The long-term fixed-location data used in à 
this b Ned are listed in Tables II, III and IV. The relative weights E 
indicated in these tables were assigned according to the degree in which 
the measurements were likely to contain seasonal or diurnal bias, зарае. 
from 1 for Шы ог по bias to 4 for heavily biased data. 


For each frequency range, families of beyond-the-horizon field. 
strength versus distance curves were derived from the appropriate best 
fit base curves for various heights of transmitting antennas in the 
following manner. Бог a given transmitting antenna height, the field 
strength at a distance D can be determined by reading the F + 10 log D 
value from the best fit base curve at a distance equal to Doe DLS, and 
subtracting 10 log D, where 


field 2. іп ОВ above 1 microvolt/meter; P 


F = U 
Dre = МОН, + S 2H, (miles), and H,, H, are the transmitting | 


and receiving "antenna heights respectively in feet. 


The mobile measurements were made along radials at intervals of . 
about two miles, using the technique described by TASO (Ref. 5). At each 
of these road segments the mobile field strength measuring vehicle was 


driven slowly for a distance of about 100 feet with the antenna extended to. 


a height of 30 feet above ground. Chart recordings were made for each оғ” 
these runs. Тһе sources of these data are shown in Table V. 
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TABLE II - Low Band VHF Data 


E Receiver Location | bids S Recording | Period | Distance (Frequency i D-D F (1) z (10) 
|——— | ——— ЗЕНА НЕКА кенеден жеткен VEMM ource [References| From To (miles) Me/s (feet) (feet) Is (dBuV fm (ав 7 4 kele tive 
| 1 | Chicago, Ill.  — [| Urbana, Tl, | шо | са, | ) (miles) |i. eT uV/m ou E 
[2 Loa, de. fare inê, ны; ШЕ. 1o |p | 1з | вуз | 9 | — I E TT mE 
لے‎ тава, пар. [e 1 — a 1e 8175 71750 LM EE з و ف‎ 
| ee meme D. UE 65.75 59 | 9 = БЕІН UNE j 
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PINETE = x ID 2.4.6 | 5/46 | 5/47 | 186 | ата | 600 | — A r A ا‎ 
FE "A rta E E ED 24 т: DON ee | 
| | Alpine, N i қ [3⁄2 | 6 | мл | "o | 2 22 ° 0.1 1 
[2a ع‎ ede Em 246 Ын — B | Let тт аа везе ме 2 
25 [spine иу x mo | e 39:2 [мо [юш | =© ү 5 | 
ашаа & ua | тю ЖЕ SER SESI 
|27 | cheyenne Mtas ] khel 800 40 | aro | o] 17.5 | 125 | | 
ГЕ | ене, ш. [iiverore, Cel, | S = ua ск ss OU 3-13-41 

| Chico, Cal | Livermore, Cal | KYCI-FM s 01.9 360 30 82.2 16,2 9 | 
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TABLE-II - Low Band VHF Data ( Continued ) E 


Pittsburgh, Pa | Hudson, Ohio | КрХА-ЕМ | СЕРІ, 
| Fresno, Calif, — | Livermore, Calif. | юш-ҰМ | сарт, 
| Fresno, Calif. | Livermore, Calif. | КЕРМЫРМ | СЕРІ, 
| Detroit, Mich, | Allegan, Mich. | WDET-FM | СЕРІ, 
| Чем York, К. Y. Millis, Mess, | ЧЕШФ-ЕМ| СЕРІ, 


I ғ (1) | 
| Pt. ` Call Recoring | Period | Distance | Frequency a H. Drs б 12)-г(5 2 Relative | 
| Но. | Transmitter Location | Receiver Location | Letters | Source Reference From То (miles) Me/s (feet) (feet) | (miles) [for 1 ku) óB Height — | 
| 37 | Sacramento, Calif. | Livermore, Calif. | KXOE-FM | СЕРІ. 8/53 6/51. 62.0 20 “Q | 2 | 
PEE T LEE OE CRPL 7/53 | 6/54 | 63.6 | 30 5.1 
ЕЛЕНЕ و ا‎ аав. , Texas | KTSA-FM | СЕРІ. 32 
[io | San Antonio, Texas | austin. Texas [momen ШЕСІ 78.1 32 

sis вы | ашым, ЗЕЕП-ЕМ | СЕРІ, 11/52 95.6 30 
E 3.8 
| livermore, Calif. | 
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TABLE II - low Band VHF Data  ( Continued ) 


—— ppm тоша - 


| 4 H Ded ғ (1) ғ (10) Б (59) 

| | i Call Recording] Period Distance|Frequency | 7% т 15 (dBuV/m | (ағоу/а ағылу 

| го] Transmitter Location | Receiver Location | Letters | Source | Reference| From To | (miles)| e/s (feet) (feet) | (miles) for 1 kx) | for 1 ics} [for 1 1) 
| 71 | нем York, Ne Y, | lavrel, Md. | WBAM FCC ГЕР, 204222] 5/46 5/47 186,9 106,5 600 30 143.7 9.2 E 27,4% 
| 72 | New York, N, Y. | | HMA | poc (ER 2,4,12| 8/45 | 9/45 107.0 71. 30 24.7 26,3 19.5 
| 73 | Portsmouth, Va, | washington, D. C. | ЖАР | Foc Пт 2.2.12| 5/48 1/49 99.7 560 32 112.5 17,0 5. 

| 74 | Richmond, Ya. | Washington, D. C. — | шор | Feo 6/47 8/47 96.3 376 55 56.2 27.7 15,0 
| 75 | Alpine, il. J. | Riverhead, N. Y. K me Eee 6/47 7/47 92.1 770 60 16,0 22.9 23.0 
|75 | Alpine, 3. Je . | Riverhead, N. Y. | W2XEA TRR 2.4.12] 6/47 11/47 770 30 19,2 34.2 215 
| 77 | New York, H, Y. | Riverhead, H, Y. БЕЛЕСІ 10/47 8.8 11.0 

|78 | Gr. Island, Neb. | KOAD 12/48 2,5 22.6 


| Omaha, Neb. É | 


ә jo 


| Alpine, ila J, | | Mt. Holly, N, J. | W2XEA 


| 3/49 C 
|50 | Greenville, S. C. | Powder Springs, Ga. | ЫМЕС-РЫ 1/49 7.7 
|51 | Greenville, S. C. | Powder Springs, ба. |  WMRC-FM 11/51 15,8 
[sa | Greenwood, 8, б. | 1/9 5 
|83 | Cleveland, Ohio it 5/19 102.1 640 5 
ЕРЕ Cleveland, Ohio | 1/49 104.1 730 9 
|85 | Cleveland, Ohio 0 | | 100.7 | 67 o j 
|56 | Boston, Mass. — | Riveri N. Y. — | 295 7 | | 
(87 | Boston, Mass, - | Hauppauge, H. Y. | 195 1 | 
[38 | Alpine, 1, 7. | Riverhead, N, Y. | 795 1 | 
fag | Houston, Texas | Austin, Toms — | DE 5 : | 
[90 | niis, Tems | Austin, Texas — | 525 ; 2 | 
[92 | Dallas, Texas | Austin, Texas | 6/53 175.9 1 104.5 440 >12,8 a 
[o2 | Abilene, Texas | Austin, Texas “6/50 1771 | 96,9 592 > 9.0 2,7 
Би Columbus, Ohio | Hudson, Ohio WHAC-EM 6/53 124.9 98.7 | 362 24.4, 9.2 — 
lo, | Columbus, Ohio | Hudson, Ohio | WCOL-FM 6/53 121.2 380 27,5 127171771 
95 | Detroit, Michigan | Hudson, Ohio | ы-ы 6/53 112.8 E 26,1 2: | i 1 
96 | Easton, Pa, | State college, Pa, |  MWEST=FM 12/52 139,3 63 115 11,6 E | 
97 | Olean, N. Y. | State College, Pa, XHDLI-EM A/52 _ 90,8 57 29, 16,2 27 | | 
8 | Pittsburgh, Pa, | State College, Pa, WJAS-EM 4/53. 117.1 63 73 17,8 12,5 7 з | 
| Washington, D, б. | State College, Pa, МТОР-ЕМ 2/82 135,8 = 94 “11,9 MIC 
| Washington, De Ce | State College, Ра | ЫТОР-ҰМ 4/8 134.1 63 95 12.5 Ж 1 
Houston, Texas | Austin, Texas KXYZ-FM 12/52 147,8 32 1: 23.7 5,2 
| Austin, Texas KWKH-EM 6/53 277.4. 22 2А SOA -2.2 
КІТТ-РИ 12/52 277.2 22 19 PM! -6,5 1 
ШЕКТЕУІ 8/53 144.7 30 12,1 š 
| Sen Diego, Calif. KFSD-PM 6/53 84.7 20 2245 1 
6 | Philadelphia 10/52 194.2 20 35,2 1 
(107 | Hartford, Conn, | Hillis, Mess. 5/52 80,7 31.2 
[108 | Lincoln, Heb, | Grand Island 2/52 93.2 31.2 19, 
a 6/53. 191.3. 2.1 md 


| [| В = average 2-10 mile height, transmitter 


exceeded for 1, LO, and 50 | percent ой time, Yuxteacoldted 


n | n М 
с = Height above gound, receiver 
= 


| 
| 


= 


и _ : TABLE III - High Band VHF Data 


| x FO) | F (10) | # (50) 
| Pt. n call Recording | Period | Distance | Frequency M He D-5rs dBuV/m | (ағыу à 
А ЕМ А і В ipuy i3uyV, = j} Relati 
| Transmitter Location {| Receiver Location | Letters Source |References| From To (miles) Mc/s (feet) (feet) (miles) ee a А 15 ae dn BOSQUE е 
| 1 | Birmingham, Ala. | Powder Sprihzs, Ga, |  WAFM-TV) F 7/51 12/51 121.8 215.75 | 875 30 | 7.3 21.8 12. “| 9 3 
| g he 22.2» +2 <. 2.1 0 0 
(2 CE Me |ва Меш ршн e — 2 [x ИШ 5 p uns pe Lis 
[3 [San Diego, Calif, | Santa ana, Calif, | knew] roc | 3. 03] 52 [56 БЕТІН 
| 4 | wilmington, Del, | Laurel, Мі. | DELIV 1 [ud ا‎ 
| 5 |cnicago, HI, | Urbana, II, ___ {| _ WšNR-TV Lus ЖЕТІ 
| 6 | Chicago, DI, | Urbana, ТІ, | WGN-TV Pang 1171 
| 7 | Chicago, Ill. [| Urbana, 111. — — |  weu-TV | — CRPL ш SSES SESI 
Hee ee, ha S сш _ 5.1 14.2 т] 
EN C WAR: T | willie, ص‎ | шыт | гю | 3 1 LUNES NAMENS 
|10 | Philadelphia, fa, | laurel, м, Û  wcav-tv| rco | : 3 |[-- | i |j 
(11 | San Francisco, Calif. | Livermore, Calif. — |  xco-rv | САР, | B 8 3,8 тс] 
[12 |Detroit, wich, 2 | Hudson, Ohio — |  wxvz-rv| сг | 6/5 VES DEC DE AE f 
|13 | Dalles, Texas — ' — | Austin, Texas | wraa-Tv| (ЕР, | 175.1 1 350 32 306 | 1.5 | -A3 | -102 | 69 | 2 | 
|24 [New York, Ne Y. | Riverhead, N, Y. |__| FOC or 2.4.12 11/46 70,1 2 1260 70 3.1 28.0 2 24.9 s =. 
(15 | созо. Spes. Colo, | Haswell, Colo. | | cmt | | 253 | 4/53 | 966 192.8 | 3050 17.5 | 312.6 1222 30.0 — a 
|16 | Colo, Spgs., Colo. — | Garden City, Kens, | — | ою | | 252 | 2/53 | 226,5 | 19.5 | 3050 | 175 | М25 | 10.2 | | 
|17 | Colo, Spas. Colo. | Haswell, Colo, | | cn | — | 3/52 | 4/52 | 96,6 | 2104 | 170 | 36 | 29.9 | 
[в [Cheyenne Mtn. B - | Kendrick, Colo. | — | cmn | |] 1/5 | 4/53 | 49.4 | 210.4 | i306 | 36 | 11.8 | 53.2 | 49.5 | 4&3 | 3:2 | у] 
ENDE | erick Coles | | с | Уи | мз | бш | Бег | 2% ааа гу 
|20 |Cheyenne Mtn. B . | Karval, Colos I  — | RPL | % | 82 | m6 | до | 379 | 40 | 4 | 
|21 [Cheyenne Mtn, B  — | Kerval, Colo. I — | сы | 236.0 | 1436 | 236 | 32 | -- | 49.3 7.9 TE 
(22 [cheyenne tin. S | Haswell, colo, | — | cm | 32.9 - 
РШ | Garden City, Kans, | | OPL | | 2/54 | 8/54 | 226.5 | 230,0 | 2391. | 18. [1535 | -- č l -- l 25 | c< | 2 | 
EN PUT K tens. | | ап | I] RR 1592 |ы БЕТТЕН [258 52:9 Гат |75 | 
[26 [Cheyenne Mtn. S — | Marble, Colo, ___ | СР, S 8/54 | ыл | 230 2221 Ee ы лы ee aS ШЕСІ Lu NER 
[2 |Әнуеше ins" | conden бу, шә. | |с | | 226,5 192.8 | 2321 | 18 2417, 29 [| -u9 icu 
EN [cheyenne a, 8 i ши. —M— 391,6 210.4 | 1402 31.5 
| н | | СЕРІ, 393,6 162,8 2321 6 
|20 Rome, G | ШЕСІ кос | 38.8 191.75 720 2 2.2 
E: | | | WTVC-TV r 86.0 101.75 1040 6,5 2.9 
[22 | | | XHoL-TV| РСС 48.6 214.75 550 {8,1 - 322 
|33 (Lincoln, Neb, | Grend Island, Neb. |  xcrs-TY| коб 66.2 197,76 | 1600 75,9 51 
w ш, | Grand Island, Neb m FCC 198 209,75 | 810 7,5 1 | 
= ae sessosas x 
1 1 j | 
ШЕ | | E 50) = dngth in dBlabove 1 uVy/m for 11 | 
= 25 — Uk == for 1, 103 and 50 pefcent of | 
|__| Height above groknd, receiver [extrapolated | | 
5 | | 
x I | | 
il 
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TABLE IV - ОНЕ Band Data | DNE 


| " A En = В Del z. 

| Call xxx | Кесогбіпе| Period Distance |Frequency H, т is F(1} F(10} ) Relative 
| Transmitter Location | Receiver Iocation Letters Source {References} From , to (miles) Me/s (feet), | (feet) (miles) f гісіз, 
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|12 (Bridgeport, Conn IPrinceton, N. J | KC2XAK 0 / 3 
| 12 Bridgeport, Conn. Millis, Mess. Î KC2xaK | rcc | 7/50 | 3/52 116 534,75 | 320 | 35 | 2 

| i [Haswell, Colo 1⁄5 96.6 2226 é 2 | 
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20 [Corpus Cristi, Texas | | Kupo-TV | rec 5/57 30 3 
к | | ugr | вос | 22 | 6/54 2 ER 15,54 | 
| 22 dans, ав. — — (Millis, Mass. | WODC-TV 345. | 231 | 152 | 5a | 
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South Bend, Indiana  lAllegan, Michigan | 
Scranton, Pa, laurel, М. | 
(Fresno, Calif. Livermore, Calif | 
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2/60 2з. E 
EA i x 9/56 reu 
Eorrisburg, Pa. laurel, Mi, | 9/5 | 30 | 7,6 
9.0 
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(33 | 649.75 

[34 ] 1/54 775.75 1 
[35 | 15,19 ) 715 66.0 2.0 | 
ЕЕ! : 16,19 ] 26,1 | >“ | 
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Hp = Receiving antenna height above ground. exceeded for 1, 10, and 50 percent c? time, : ] | 


TABLE IV - UHF Band Dat 


( Continued ) 


Receiver Location 


Recording 


From 


H+ 3 He 
К (feet) | (feet) 


F(10)-F(5q) Relative 


Weight 


Haswell, Colo. 
Garden City, Kansas 


8/25/5. 


_35 


7198 


4 


39 


22. 


Cedar Rapids, Iowa Quincy, Illinois | 
Cedar Rapids, Iowa 


9 
39 


Cedar Rapids, Towa 


Cedar Rapids, Towa 


39 


6,2 4 
| 57 | 4 | 
ЖТ ИН | 2 | 

| + | 
| 38 | — | 
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39 


2261 


heridan Take 


7798 
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Q ГА 
Cold Garden Cit 2226 9 5.8 
Cheyenne Mtn, "S", Cold Garden City, Kansas 8/24/54. 2226 | 26 3.7 4 
Cold Garden City, Kansas 8/24/54. 2226 33 7.3 4 1 
Garden City, Kansas 8/24/54. 2226 9 7,6. 4 
Cold Kendrick, Colas 2/15/52 2220 | 43 2.5 | 1 
‚ Cold Kerval, Colo. 7 [51062 | ms | 2/1/54 2226 | 5 БИШ 4 | 
Cold Karval, Colo, 2/1/52 2226 [ ¿3 3⁄5 | 1 
Cheyenne Mtn, "S", Colic] Kerval, Colo, 21/55. 2226 | 14 | 25 [o 
| | | x 
| | 
| 


denotes height above ground ). F(1), FUP), F(50) 


Field strength in dH above 1 uW/m for 1kw 


*"* Not previously Regorted 
ipt of references at end of this freport, 


7 Receiving antenna height above ground. 


exceeded for 1, 10, and 50 percent of time. 
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Transmitter Call 
Location | Letters 


Period Frequency 
Mc/s ( (feet) 


25-5 50.75 | 890 ` 30 
25-57 | 12- 5-57} 65.75 30 
-26-60 | 12- 5-60| 203.75 
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] Philadelphia, Pa. | - 


-25-57 | 12- 5-57 
x [39 | 
[с-ту | * | 1-11-61 
Columbia, S.C. тету | "| 1-20-58 | 3-19-58| 193.24 | 640 
телі E — pem 7 [ens essen [us — C8 3 
Columbia, S. C. — MOV |  — [1-20-58 | 3-19-58] 789.25 30 
Buffalo, N.Y. [ws | > (e ass | 8-14-58] 495.75 | 686 — | 30 
bens wise, [mm | 7 pem [1ш зә sem [Deo [3 — 
| [Phitadetphia, Fa. ЕТЕ | "| 4-2158 | 6-15-58 
АҢ | Springfield, Mass. ини | — — | 9-16-56 | 10-22-58 | 601.59 БЕС | o | 
| [Poitadelphia, Pa. — [итү | "| 4-21-58 | 6-15-58] 90.9 | 468. ЕСЕНИН 
Lsuffalo, N. Үг асту | s= | 6- 2-58 | esel 59.79 | 380 | 30 | 
springfield, Was. [MRM | "| 9-16-58 | 10-22-58[ 95.1 
Duc, x07, шл. j ЕСЕТ E š 
Boston wae; fcr 7-15-58 7.25 [iuo | oo | 
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[St. Louis, Mo. | KWK- | " |12-1-54 | 12-14-34] 71.75 30 
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| Boston, Mass. | WNAC-TV | 7-30-58 | 8- 5-58| 179.75 | 400 | 3 - 
| Cleveland, Ohio j| WJW-TV | 10-25-56 | 11- 9-56| 185.75 | 1000 | 30 | 
[New York, N. Y. | wcBs-TV 55.25 
[New York, М. Y. | | 1330 
New York. N. Ys | 
| Richmond, Va. | J ER | 
2200000270700 pf tf | 
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DEVELOPMENT OF THE VHE PROPAGATION CURVES 


Figure 6 shows the plot of low VHF median field strengths from mobile 
surveys listed in Table V. These measurements generally started at 10 
miles from the transmitter, going out to about 70 miles and were taken at 
the receiving antenna heights of thirty feet. The data were normalized by 
adjusting the various antenna heights to 1000 feet by means of the linear 
height gain relationship. The average transmitter antenna height for the 
VHF data was near 1000 feet. Each data point represents a median field 
strength value for a 10 mile segment at a given distance from a station for 
all the radials. All of these data were further corrected to correspond to 
average terrain ( Ah = 50 meters) as described previously. Finally, a best 
fit curve was drawn through the data resulting in a base 1000 foot curve. 
Appropriate height gains were then applied to this base 1000 foot curve to 
obtain within-the-horizon curves for other transmitting antenna heights. 
Figure 7 shows a plot of the ES processed high VHF mobile data 
with the base 1000 foot curve. 


‘These бей: within-the-horizon curves were subsequently merged 
smoothly with their beyond-the-horizon counterparts derived from Figures 
4 and 5. The composite Low and High VHF band curves appear in Figures 8 
and 9. 


The final step of this development concerned the derivation of the 
composite F(50,10) curves, which were again constructed by merging of 
the within and beyond-the-horizon curves. To derive the within-the- 
horizon F(50,10) curves, it was necessary to apply appropriate fading 
ratios to the corresponding F(50,50) curves. Fading ratio is defined as 
the difference in decibels between the F(50,10) and F(50,50) fields. 
These ratios vary both with distance and antenna height as shown in 
Figure 10, following the general concept originated by the Central Radio 
Propagation Laboratory of the National Bureau of Standards. They were 
determined from long term measurements listed in Tables II and III and also 
using the F(50,10) minus F(50,50) values for corresponding transmitting 
antennas as obtained from the beyond-the-horizon curves. Since no VHF 
frequency trend was observed in the derivation of the fading curves, the 
same fading ratios were employed in the derivation of the low and high 
VHF F(50,10) curves. The composite low and high VHF F(50,10) curves are 
shown respectively in Figures 11 and 12. 


Figures 12 and 14 show comparisons with measurements of the proposed 
and existing FCC F(50,50) low and high band VHF curves for transmitting 
antenna heights of 2000, 1000 and 500 feet. These measurements were 
corrected for terrain roughness and preferred location bias as previously 
described. The improvement resulting from the present treatment of the 
data is evident by examining together the plots for three ranges of antenna 
heights as shown in these Figures. The fit of the data to any one curve 
is not an adequate criteria, ‘since the curves had to simultaneously satisfy 
consistent and smooth trends with distance, frequency and antenna height. 
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Figures 15 and 16 show comparisons with measured data of the proposec 
low and hiqh band VHE F(50,10) curves for the same 3 үгез (ring antenna 
heights. There аге no existing Е(50,10) curves in the FCC rules. Curves 
of field strength versus transmitting antenna height for constant distances 
are shown in Figures 17, 18, 19 and 20, which are identical in form with 
those appearing in the present TV rules. 


DEVELOPMENT OF THE UHF PROPAGATION CURVES 


In the derivation of the new UHF propagation curves, the long-term 
fixed-point data shown in Table IV were corrected for preferred location 
bias, and mobile data from the surveys listed in Table V were corrected 
for terrain roughness and diurnal variations as previously described. 

In the graphs in this section each of the long-term data points represents 
measurements made over one path, and each mobile data point represents the 
median field strength of the 10 mile segments of all radials for one 
station. 


The within-the-horizon data were normalized to a transmitting antenna 
height of 500 feet by assuming linear height gain and plotted versus dis- 
tance as shown in Figure 21. Тһе beyond-the-horizon data were plotted on ` 
a graph showing median field strength plus 10 times the logarithm of the 
distance, versus distance beyond the horizon as shown in Figure 22. А 
smooth curve was drawn through each plot and the two curves merged to- 
gether near the horizon. The resulting 500-foot continuous curve was 
used as a base curve for deriving field strength versus distance curves 
for 100, 200, 1000, 2000, and 5000 feet. 


In deriving these curves from the base curve, linear height gain 
was assumed within the radio horizon, and the D - Drs relationship de- 
scribed previously was assumed for distances beyond-the-horizon. The 
two resulting families of curves were then blended together to generate 


the final family of median field strength versus distance curves as shown 
in Figure 23. 


In order to derive a base curve for 10 percent fields, the available 
10 percent data were plotted on a graph of F(50,10) * 10 log D versus 
D - Dps and a smooth curve was drawn through the data. See Figure 24. 
Guided as far as possible by the available long-term measurements, a 
smooth fading curve of F(50,10) - F(50,50) versus distance for a 500-foot 
transmitting antenna height was drawn so as to yield a 10 ed curve 
which would merge into the 10 percent, beyond-the-horizon curve For 
other antenna heights the same procedure as for the median curves was 
followed, with the necessity of obtaining a smooth set of fading curves 
taking precedence over the desirability of having linear height gain. 
The final F(50,10) versus distance curves are shown in Figure 25 and the 
fading ratio curves in Figure 26. 


. Figure 27 shows the F(50,50) versus distance curves for antenna 
heights of 2000, 1000 and 500 feet with the pertinent data, both long- 
term and mobile. Appropriate corrections as previously described were 
applied to the data plotted in these graphs. For comparison, this 
figure also shows the present curves as obtained from Figure 9, 


2 
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Section 73.699, of the FCC Rules апа Regulations. Figure 28 shows tne 
F(50,10) versus distance curves with the pertinent 10 percent, corrected 


Figures 29 and 30 show the final UHF, F(50,50) and F(50,10) versus 
transmitting antenna height curves for various distances. 


CONCLUSIONS 


In the course of the development of the new TV and FM propagation . 
curves, all available data were examined with respect to field strength 
variations with terrain roughness, path length, distance beyond the 
horizon, and antenna heights, as well as fading ratios and frequency 
trends. | | ere месо Í 


By correlating these variable relationships in several different ` 
ways, maximum utilization of the data was possible, and natural trends 
in distance, antenna height, terrain roughness, time and fading were in ` 
reasonable coherence when these factors were applied to the data. ` 


The new curves were designed for use either with average terrain | 
conditions, or for conditions differing from average by applying rough- 
ness correction factors. In a test case with terrain considerably rougher 
than average, application of terrain roughness corrections resulted in an 
improvement of % dB for VHF and 12 dB for UHF in the root-mean-square 
deviations of measured data from the new curves. 


The new graphs for estimating field strength may be used for general 
assignment purposes or for providing a rough estimate of the probable 
field strength distribution as applied to a proposed or existing facility. 
When so used, they will provide information which is believed to be sub- 
stantially better than that provided by the existing graphs in the FCC 
Rules and Regulations. They cannot be used to predict with any accuracy 
the field which would be established by any specific operation over a 
particular path to any equally specific area, even when the terrain 
correction factor is employed. For such information, resort should be 
made to measurements wherever and whenever practicable. 


& quy а 


ACKNOWLEDGMENTS 


Some of the major concepts adopted in the development of the curves 
described in this report were formulated by the FCC Radio Propagation 
Advisory Committee which held a number of meetings during the years 


1953-1960. 


Members of RPAC were listed in Report No. 


R-6502 (Ref. 1). 


Valuable contributions toward the work described in this report were 


made by the Television Allocation Study Organization (1956-1960). 


Under 


the direction of Dr. George R. Town, TASO reported to the Commission on 
the results of extensive studies and research investigations made by 
several hundred engineers from industry and government agencies (Ref. 5). 


The authors acknowledge the help of the following members of the 


FCC staff in preparing this report: 


Frank Lucia, who took part in all 


aspects of the work; Phillip Tremper and Frank Coperich for their help 
with the calculations and Ө and Braxton Peele for the preparation 


of the charts and figures. 


Many papers appearing in technical and engineering periodicals were 
studied in the course of this work and some of these papers were not in- 
cluded in the references listed in this report. 


- 


Тһе Commission appreciates the assistance and guidance given by the 
Working Group for the Engineering Conference in Docket No, 16004 in the 


work described in this report. 


H. S. Cowperthwait 
Federal Communications Commission 
Washington, D. C. 20554 


William S. Duttera 

МЕС, RCA Building 

30 Rockefeller Plaza 
New York, New York 10020 


Harry Fine (Chairman) 
Federal Communications Commission 
Washington, D. C. 20554 


Howard T. Head 

(Alternate: J. W. Stielper) 
A. D. Ring & Associates 
1710 H Street, N. W. 
Washington, D. C. 20006 


Frank G. Kear 

(Alternate: Neil M. Smith) 
Kear & Kennedy 

1302 18th Street, N. W. 
Washington, D. C. 20936 


This group consisted of the following members: 


= 


James D.: Parker 

(Alternate: В. A. O'Connor) 
Columbia Broadcasting System 
51 W. 52nd Street 

New York, New York 10019 


P, L. Rice 

U. S. Department of Commerce 
Environmental Science Services 
Administration 

Boulder, Colorado 81301 


Robert M. Silliman 
Consulting Engineers 
1405 G Street, N. W. 
Washington, D. C. 20005 


George V. Waldo 
Federal Communications Commission 
Washington, D. C. 20554 


- 18 « 


10. 


11. 


12. 


ВЕЕЕВЕМСЕ5 


"Development of New VHF апа UHF Propagation Curves for Television 
Broadcasting," Jack Damelin and William Daniel, FCC Report R-6502, 
April 26, 1965. 


"Report of the Ad Hoc Committee for the Evaluation of the Radio 
Propagation Factors Concerning the Television and Frequency 
Modulation Broadcasting Services in the Frequency Range between 
50 and 250 Mc/s.," Volume I, May 31, 1949 and Volume II, 

July 7, 1950. 


"Report of the Working Group for the Engineering Conference 
in Docket No. 16004, on the Development of New FM and TV 
Propagation Curves," Harry Fine, Chairman, April 21, 1966. 


C.C.I.R. (International Radio Consultative Committee), 
Document V/1023-E, Oslo, 1966. 


"Engineering Aspects of TV Allocations," TV Allocations 
Study Organization Reports to FCC, March 16, 1959, and 
June 13, 1960. See also, Proc. IRE., June 1960. 


"Use of Angular Distance in Estimating Transmission Loss 

and Fading Range for Propagation through a Turbulent 
Atmosphere over Irregular Terrain," K. A. Norton, P. L Rice, 
and L. E. Vogler, Proc. IRE, October 1955. 


"Prediction of the Cumulative Distribution with Time of 
Ground Wave and Tropospheric Wave Transmission Loss," 

P. L. Rice, A.G. Longley, and K. A. Norton, NBS Report 5582, 
June 30, 1958. 


"Propagation Data and Service Calculation Procedures Used 

for the Rescinded Appendix "A" of Report and Order 

(Docket 11532) Released June 26, 1956," Harry Fine апа 

John M. Taff, F.C.C. T.R.R. Report No. 2.4.16, October 22, 1956. 


"Simultaneous Field Strength Recording on 47.1, 106.5 and 700 Mc.," 
W. L. Carlson, RCA Review, Volume IX, No. 1, March 1948. 


"Propagation Studies on 45.1, 474, and 2800 Megacycles Within 
and Beyond the Horizon," G. S. Wickizer and A. M. Braaten, 
Proc. IRE, July 1947. 


"Progress Report on 410 Mc Propagation Study," Collins Research 
Reports Nos. CRR103-1 through 103-8, Collins Radio Co., 
Nov. 3, 1949-June 1, 1950. 


"Atmospheric Refraction - A Preliminary Quantitative Investigation," 
J. B. Smyth, U.S.N.R. & S Laboratory Report No. WP-17, Dec. 28, 1944. 


- l9 - 


13. 


14. 
15. 
16. 
17. 


18. 


19. 


20. 


22. 


Por 


"Field Strength of KC2XAK, 534.75 Mc., Recorded at Riverhead, 
New York, February, 1950, through November, 1951," G. S. Wickizer, 
RCA Engineering Report Е-43-119. 


"Measurements; Propagation of Radio Waves over Land at 1046 Mc/s," 
A. P. Barsis, et al., NBS Report No. 2494, May 1, 1953. 


"Results of Microwave Propagation Tests on a 40-Mile Overland 
Path," A. L. Durkee, Proc, IRE, February 1948. 


"Propagation Measurements over a 30-Mile Path on 508 Mc.," 
George V. Waldo, FCC, T.I.D. Report Мо. 2.3.3, September 2, 1949. 


"East Coast Tropospheric and Sporadic "E" Field Intensity 
Measurements on 47.1, 106.5 and 700 Mc.," George V. Waldo, 
FCC, T.I.D. Report No. 2.4.4, June 3, 1949, 


"Long Distance Tropospheric Propagation in the Ultra High 
Frequency Band 288-700 Mc.," Harry Fine and Frank Higgins, 
FCC, T.R.R. Report No. 2.4.10, October 13, 1950. 


"UHF Propagation Within Line of Sight," Harry Fine, FCC, 
T.R.R. Report No. 2.4.12, June 1, 1951. 


"Tropospheric Field Strength of 534.75 Megacycle Signal from 
Bridgeport, Connecticut," John M. Taff, FCC, T.R.R. Report No. 
2.4.13, December 13, 1954. 


"Summary of Tropospheric Propagation Measurements and the 
Development of Empirical VHF Propagation Charts (Revised)," 
E. W. Allen, W. C. Boese, and H. Fine, FCC, T.I.D. Report 
No. 2.4.6, May 26, 1949. 


"VHF-UHF Field Strength Measurements," George V. Waldo and 
Jack Damelin, FCC, T.R.R. Report No. 2.4.18, May 1, 1961. 


"Propagation data Obtained in Radio-Relay Systems," C.C.I.R. 
(International Radio Consultative Committee), Geneva, 1965. 


"An Analysis of Propagation Measurements Made at 418 Mc 
Well Beyond the Radio Horizon," H. B. Jones, J. C. Stroud, 
and M. T. Decker, NBS Technical Note No. 6, May 1959. 


"Report on Mobile Field Strength Measurements, New York City 
UHF-TV Project," Daniel B. Hutton, FCC, Report No. R-6302, 
February 12, 1963. 


Elevation in Meters 


-0) іп dB 


Deviation From Smooth Terrain Field Strength (Ah 


20 


10 


ЕСС- К- 6602 


DEFINITION OF THE 
TERRAIN ROUGHNESS FACTOR Ah 


Miles From Transmitter 31 


FIGURE 1 


FCC- К- 6602 


COMPARISON OF DATA WITH THE ROUGHNESS CORRECTION 


A+1 


X Jan, where: 


Correction ( 8 ) = 0. 5| 


8 = Correction in dB 
À = Wave Length in Meters 


Ah = Terrain Roughness Facto” in Meters 


Mobile Data: 


DH 


A High VHF 
x FM 


O UHF 


À +1 
0.03 БӘД | 


FIGURE 2 


16 18 20 22 24 26 28 30 32 34 36 38 40 


ЕСС-К-6602 


-45 енг 
—40 ЕЕ | 
ТИШ | C 
ша ri SS 
A iS 
25 | 0 
HI 
-30 H АЗУ 
1 L| 
] 11 Do 
| Li 4 : 
4 5 ЕН 
5 НІНЕ | PS 
= Аа S M) 
uus FHIR 
` m 
© , T В ae | 
82. H Wwe 
Е 15 EEE <> 
8 | Ни 
5 Tole 
10 ши | | 5N 
| HE 
СЕС L| 
— 5 x ІТ | 
т L iau 
0- XE 
a 
+5: | | i Lr] 
0 50 100 150 200 250 200 350 


Terrain Roughness Factor, Ah In Meters 


TERRAIN ROUGHNESS CORRECTION 
for use with estimated F(50,50) and F(50,10) field strength curves 


i 
се 

i 
e 
сэ! 
рга 


VARIATION WITH DISTANCE BEYOND LINE ОЕ SIGHT 
OF FIELD STRENGTHS EXCEEDED FOR 50 PERCENT OF THE TIME 


D = Miles From Transmitter 
[= Line of Sight Distance 


ated Power = 1 kW 


Rad 
Frequency 


300 Mc/s 


40 


50 meters 


rain roughness corresponding 


to Ah 


Mobile data corrected for ter- 


| 
| 


8 
52 
@ о 
s= 2 
° 5 
v о 
= Е 
e > 
Ë = 
5 o 
5 š 
о > 
“а 
8 š 
о = 
о e 
< о 
= ш 
— — 
u. E ы = 
== = > 
>= Ze 
Ес E 
a Sz 
TIO РӨ 


АШ long term fixed location 
data corrected by -4dB for 


preferred location bias 


© Low VHF Grades 1 & 2 Long Term Data 
igh VHF Grades 1 & 2 Long Term Data 


x H 


280 


260 


220 


9 8 


9 


демо Т 40} W/ATT әлоду gp 


"а Бој OT + (05 “0S)4 


Miles Beyond Line of Sight (D- Dis) 


FIGURE 4 


FCC - R- 6602 


VARIATION WITH DISTANCE BEYOND LINE OF SIGHT 
OF FIELD STRENGTHS EXCEEDED FOR 10 PERCENT OF THE TIME 


D = Miles From Transmitter 
Dis = Line of Sight Distance 


1 kW 


- 300 Mc/s 


ted Power = 


la 


Rad 
Frequency 


40 


All long term fixed location 
data corrected by -4dB for 


preferred location bias 


h VHF Grades 1 & 2 Long Term Data 


19 


x H 


O Low VHF Grades 1 & 2 Long Term Data 


HHI 


3 8 


= 
pemo T 40} шудт/ p әлоду gp “q Бо] OT + (01 '05)3 


8 


° 


ло 


-20 


280 


240 


220 


180 


f Sight (0-0,5) 


FIGURE 5 


ineo 


les Beyond Li 


Field Strength, F(50,50), dB Above 1 uV/m for 1 Kilowatt 


Field Strength, F(50,50), dB Above 1 uV/m for 1 Kilowatt 


80 


LOW VHF & FM F(50,50) FIELD STRENGTHS 
Normalized to Ну = 1000 ft., Hg = 30 ft. 


Corrected for Terrain Roughness 
to Correspond to Ah = 50 meters 


3 


8 


FCC- R- 6602 


Š 


+ 
© 


оі 
- O 


З 


16 60 70 80 90 100 
Miles From Transmitter 
FCC- R- 6602 
: it s alni 1 
ЕЕЕ cr HIGH VHF F(50,50) FIELD STRENGTHS 
i Normalized to Hy = 1000 ft., Hp = 30 ft. 
Corrected for Terrain Roughness 
to Correspond to Ah = 50 meters 
ү Шш: 
1 Li 
‚иш: 60 70 80 90 100 


Miles From Transmitter 


FIGURE f 


| 
T 
| 
| 


| 
| 


Field Strength, Ғ(50,50), dB Above 1 zV/m for 1 Kilowatt 


Field Strength, F(50,50), dB Above 1, V/m for 1 Kilowatt 


ANNIS 
EAR NO 
AAA SN 


БЕЧА NON 
ENS 


E 


FCC- R- 6602 


VARIATION WITH DISTANCE OF THE FIELD STRENGTHS 
EXCEEDED FOR 50 PERCENT OF THE TIME 


TV CHANNELS 2-6 & FM 
H« as Indicated Hg * 30 ft. 


2 323 


E: 


Оо 


Шыны Uum ы ha 
= 


40 6O BO 100 120. 140 160 J80 220 240 260 


Miles From Transmitter 


FIGURE 8 


VARIATION WITH DISTANCE OF THE FIELD STRENGTHS 
EXCEEDED FOR 50 PERCENT OF THE TIME 


TV CHANNELS 7-13 


—— 


H+ as Indicated Hg = 30 ft. 


160 
Miles From Transmitter 


FIGURE 9 


F(50, 10) - F(50,50) in dB 


10 


«o 


со 


- 


ЕСС- К- 6602 


FADING RATIOS vs DISTANCE FROM TRANSMITTER 
TV CHANNELS 2-13 
Hr as Indicated Hg = 30 ft. 


2000F EER OOO: 


10007: 


S00; 
200); 


200: 


40 60 80 100 120 140 160 180 200 


Miles From Transmitter 


FIGURE 10 


Field Strength, F(50,10), dB Above luVim for 1 Kilowatt 


Field Strength, Ғ(50,10), dB Above 1 uV/m for 1 Kilowatt 


VARIATION WITH DISTANCE OF THE FIELD STRENGTHS 
EXCEEDED FOR 10 PERCENT OF THE TIME 


TV CHANNELS 2-6 & FM 


Hr as Indicated Hp = 30 ft. 


pt 


$ i Tapa нш puebla шеш dc ЖО ds di z: oe 
Miles From Transmitter 


FIGURE 11 


FCC- R- 6602 


VARIATION WITH DISTANCE OF THE FIELD STRENGTHS 
EXCEEDED FOR 10 PERCENT OF THE TIME 


TV CHANNELS 7-13 
H, as Indicated Hg = 30 ft. 


асар 5 ES 
EXE EE EZ 
= - ЕСЕ 


IESS EEHESEES 


160 
Miles From Transmitter 


FIGURE 12 


Field Strength, F(50,50), dB Above 1V/m for 1 Kilowatt 


„FCC - К- 6602 


COMPARISON OF MEASURED F(50,50) FIELD STRENGTHS 
—— WITH —— 


= 


Š 


3 


© 


H 


THE AVERAGE CURVES FOR TV CHANNELS 2-6 


H 


O Grades 1 & 2 Long Term Data 
x Grades 3 & 4 Long Term Data 


All long term fixed location 
data corrected by -4dB for 
preferred location bias. 


Mobile data corrected for ter- 
rain roughness corresponding 
to Ah = 50 meters. 


A Mobile TASO and Other Data 


Hy < 1270! 


++ 


+ 


s: rtt HE i 
ШЕШШ Proposed Curves ЕЗ 
: THESE: / d 
ا‎ — — — FCC Rules Curves E 
HE H i + H: HE i š 
ШШШ. du: pim PEPEES 
H = 585555515 ii š H HHH T 
d d) 350'<H,< 750! Dp d pus 
H + t H 
H ; 5 HERE 
ШЕШ ШІ E testi teat ail ial 
HH H қ RD TE HB: HHE 35i 
: ES HENDRER HH 
НН H seat Minn ui 25% 
H HE n 
dH НІН d ЕНЕ н 
Ы. 12 ЕЗІНІН 


10 20 30 40 50 60 70 80 90 


100 10 120 130 140 150 160 
Miles From Transmitter 


FIGURE 13 


Field Strength, Е (50, 50), dB Above 1 „М/т for 1 Kilowatt 


FCC- R- 6602 


COMPARISON OF MEASURED F(50,50) FIELD STRENGTHS 
— WITH—— 
THE AVERAGE CURVES FOR TV CHANNELS 7-13 


O Grades 1 & 2 Long Term Data | All long term fixed location 
data corrected by -4dB for 
x Grades 3 & 4 Long Term Data | preferred location bias. 
. ' Mobile data corrected for ter- 
A.Mobile TASO and Other Data 4 rain roughness corresponding 
to Ah = 50 meters. 
HHI Ha 750' < Hy <1270' E THES s 
T 1 + iu 241 
HIH + ЫЕ 
| EH ЕКЕ 5: 
ol Ë ИН Eu E E шш a Hr = 1000' 
= i a т» 5 š: : +: Bash + 
Hier di f s 
-10 I 1 : din i TTD š 
ИШЕ: ш 
тор ЕЕ E : i : pou is 
кия +t pii š: ti + t 
60) te H i i i 
i I+ H HI + 
à d E i 
so i HER —— r Proposed Curves 
40 d | I --------- ЕСС Rules Curves 
Hi i 1 H 
ius : HE iE НЕНЕНЕННННЕННН i 
30 = i - 1 Н КЕКЕТЕ 5 
m : ; НЕЕ 350' SH < 750' pp eee H 
ses: H i š 3 Bii Е ЕН f 
10 H: s: Hi Ë H ЕН d БЕ 
H i i EH Lan | : H БІНЕ ү I j i 
0 FO 
H i H 
чо : ч i SED 
НІН Hun 
EU T а ғ 
"e0 10 20 30 40 50 60 TO BO 90 100 ПО 120 BO МО 150 160 170 180 190 200 


Miles From Transmitter 


FIGURE 14 


Field Strength, F(50,10), dB Above 1 uV/m for 1 Kilowatt 


+H 


о 


8 


40 


+ 


FCC- R- 6602 


COMPARISON OF MEASURED F(50,10) FIELD STRENGTHS 
—— WIIH—— 


THE AVERAGE CURVES FOR TV CHANNELS 2-6 


85363 


M0 < Hy < 2400" 1. 


HIH 


c 


57 EIE 


БІНЕ 


H+ 1000! 


O Grades 1 & 2 Long Term Data 
x Grades 3 & 4 long Term Data H 


All long term fixed location n 
data corrected by -4dB for 3 
preferred location bias. 


EH 
HH 


+ 


Hi 


t 
55451 
ШЕШШ 

ELE 


+ 


т 


EIL 


HE 
КЕТ 


ij 


20 40 60 80 100 120 140 


ШЕШ ШШШ 
ЕН 


222505422024 


160 180 200 220 240 260 280 300 320 540 360 380 400 
Miles From Transmitter 


FIGURE 15 


Field Strength, F(50,10), dB Above 1 zV/m for 1 Kilowatt 


H = 2000! 


tti 


FCC- R- 6602 


COMPARISON OF MEASURED Ғ(50,10) FIELD STRENGTHS 


—— WITH 


THE AVERAGE CURVES FOR TV CHANNELS 7-13 


EE 
HE HH 


O Grades 1 & 2 Long Term Data 
x Grades 3 & 4 Long Term Data 


All long term fixed location 
data corrected by ~4dB for 


preferred location bias. 


ШЕ 


1<100' | 


pps 


dE 


100 1 


ЕДЕННЕН 
20 140 160 


ТІНІ 


HI 


den 
E 
z: 


180 200 220 


Miles From Transmitter 


FIGURE 16 


240 260 280 300 32 


Hi 


dH H tH 


340 360 380 400 


O L EK K KK TIT EE 


w 
> o O о о O o o o 
m ч mM su _ © " e Oo Ff O © ina o o انو‎ 
сы ЕЕЕ zett okope Е SSS ee eee БЕ = = FE: ЗЕН БЕТ сс сг © 
SEE ا‎ slice ااا‎ See Sool ч es ц IE x ES | 
s i үт к E ERES = 48 | 
i = t= FE ma wz 1 L: іі шаға x БЕ i 
a. ашшы шшш шп ш ша Е = н | 
; lt ЕБЕ EE — E EE 3 
ә, 1 wî 1 | 
= - E HEH | = 
| = 
Ere HHEH AEA | © 
ш Bl 
LL | | | = а LH 
= = Li ү = 
T Q ыл c о 
S Oma 
- = I 1 - a 
шаш = i Ч = б VET 
EH a | ын 
i 1 | zm m - Te 
= A ү i - Е 1 t e EE 
Б Ф = © 
LL. E Ед — 
c ы. ep < oL 
525 оз ae 
= ә ш Os 
Oma 
8 = a GAs 
a x o = = Kel 
оз e 5 о = Кө, 
a = Eco i 
Е 2552 wu 
oc TF 
< = < > 
= c S mui = 
— = = шо à 
о = > wi < 
= © 
о 2. bas ay a 
= : ЗЕ 5258 
ES гі S ш ы. = 
t it ЫЧ — = 
сч H FTES 
л = ae. 
m 1 zu 
ы гі = E= ри 
= d re Ot 
= л Oo E 
= - л 
| < Н Lot LL. 
=x co 
iw [e] = 
> с па з © TR 
= A а; = © 
= I É: 
= | zm 3 
HA = H ГЕ 
5 151 гг sam mm 
R Ese | EE 
Rid WASI LT: 
ш. Mus i 
| si | die 
o ° ° ° о о Qv cvs BEEN o © ‘On 
еі © о © ~ Ф i 3 © о =ч p 


JƏMOd рәдереу демо euo 40) JW гә HOAOJDIW Əu0 e^oqy 51941290 U! (4) ul5u94)S рән 


Field Strength (F) in Decibels Above One Microvolt Per Meter for Опе Kilowatt Radiated Power 


90 


80 


FCC- R- 6602 


j i ШЕ і Ш coo | 
| F (50,10) TV CHANNELS 2-6 & ЕМ | | a ү 
ЕНІН ДЕГГЕРННІШНІНЕТІЕТІТІ m INN 
d ИА 3 СЕСЕ | ш 
2000 5000 


Transmitting Antenna Height in Feet 


TELEVISION CHANNELS 2-6 & FM 


ESTIMATED FIELD STRENGTH EXCEEDED AT 50 PERCENT 
OF THE POTENTIAL RECEIVER LOCATIONS FOR AT LEAST 10 PERCENT 
OF THE TIME AT A RECEIVING ANTENNA HEIGHT OF 30 FEET 


April 12, 1966 


FIGURE 18 


10 Miles 
20 


30 


100 


110 
120 
130 


H140 


150 
160 
170 
180 
190 


200 
210 
220 


230 
240 
250 
260 
270 
280 
290 
300 


110 


. FCC- R- 6602 


E| Е (50,50) CHANNELS 7-13 |E Ht 
100 FH == Bini H i ІШ 
ЕН ІШІ ишип Ë i cH 
ІШІ | | HE L] Е 
90 ІШ ----- Ц - T ПТ | [| 


80 Ein MD 


70 | < H I 


20 


LLI ІШІ | 
| ШІП | ІП - 
HER пиши i iili ilii HIH i + ү 
| | || ИШПИ | i ИШ | 
Hn E 
| TH ШИШИШИ 
m ШЕШІ: ы 
|. i ШІ 
60 : I I ЕА 
dun 1 Ll 


30 I 


20 I 


10 


Field Strength (F) іп Decibels Above Опе Microvolt Per Meter for Опе Kilowatt Radiated Power 


-10 —— 


-20 Geet nm سا‎ I 
100 200 500 1000 2000 


Transmitting Antenna Height іп Feet 


TELEVISION CHANNELS 7 - 13 
ESTIMATED FIELD STRENGTH EXCEEDED AT 50 PERCENT 
OF THE POTENTIAL RECEIVER LOCATIONS FOR AT LEAST 50 PERCENT 
OF THE TIME AT A RECEIVING ANTENNA HEIGHT OF 30 FEET 


April 12, 1966 


FIGURE 19 


:30 


| 
| 
| 


FCC- R-6602 


2000 


| TRER, 


90 


HH 
НШІ 
ШІ 
ІНІ 


1000 


"ТІЛШІ 


Жш 


F (50, 10) CHANNELS 7-13 


SO 
50 


JOMOd pejeipeg Remol euo 40) JƏJƏW Jed 3/0^0421W UQ әлоду 51901290 и! (4) Yybuadys рә 


-30 


-40. 


5000 


500 


Transmi 


200 


100 


Feet 


in 


. 


tting Antenna Height 


13 


ESTIMATED FIELD STRENGTH EXCEEDED АТ 50 PERCENT 


OF THE POTENTIAL RECEIVER LOCATIONS FOR AT LEAST 10 PERCENT 


TELEVISION CHANNELS 7 


HT OF 30 FEET 


OF THE TIME AT A RECEIVING ANTENNA HEIG 


April 12 


1966 


, 


FIGURE 20 


70 


3 8 9 9 


Field Strength, F(50,50), dB Above 1 V/m for 1 Kilowatt 
m 
O 


ЕСС- R- 6602 


10 


SERI 


UHF F(50,50) WITHIN THE HORIZON FIELD STRENGTHS 
COMPARED TO THE BASE 500' CURVE 


Each point represents the average value 


CURRERE for one survey at given distances. Data 


i O Mobile Data < include corrections for height -gain to 
ppe 500 ft. , diurnal bias, and terrain rough- 
ЕНІНЕН: ness corresponding to Ah = 50 meters. 


zn x Grades 1 & 2 Long Term Data | All long term fixed location 


App data include corrections for 
INCHES % Grades 3 & 4 Long Term Data preferred location bias and 


height -gain to 500 ft. 


I IR FORME NERDS аядан 


50 60 70 80 90 100 
Miles From Transmitter 


FIGURE 21 


8 


' 
š сы 
1 | | ; 
c ы š x 
2 = à 
| ЕЕ =< о Í | 
= oo u Š 
Tu dc 55 ° 2 Š 
ox ‘se S S m à ү 
== EU 585% É : 
— 8 | 
зы са 20 S - | Š i 
ni dem utm HH š i B [s ші 8 
= ЕЕ о > с qe i a= 
uE ee 825 i е ас 
— E | 
аты 6% wl eas & P i 
ce = E + © š E = 
$g Bs ES $9.9 H сі = о 
са neg 584 әк? = Ei : ui б 
өс 5 585 | 
бе دچ‎ $58 5885 H і x us p | 
SR E 22$ 28% ЕЕЕ Fels” 
= = 55 Hi ы 
P =. $55 5 t sas ТШ Hn i о H u E ч 
абад рш — | j HE 
ш u сз (9 i | š 
Sa 8S £ 5 © E gs š 
< gid а о НЕН гі PE 
нш 2 “%о | 1. | 2 s š 
| I Ф 
= g EEP E Б IF: ERIS = 
29 š „Ев S Š 8 o 
HT 55 Е i we Oe O = 
шо ana і = 2 
= = tO оо ш = | i x Е ope 
=n © 38% ec HHE a а r 
EQ oum tars, es з з ; | : = : 
Еш 4 5 Е Se : t к ca ue 
9 sS Cou i HHH БИН i = 5 : 
== о Е 69:69 с 
ош = t = Н 4 i 
=~ = ° ЖЫ i 
ER & > = $ 8 Е 
LU »« 2 sz = 5 $ 2; : d 
za 25 H 2 в S Hun E: 
ct oF = 5 ë Н E : 
<= 25 I us ie i 
ET о х ж sisi Е f 
Е НЕ 5 | mM 
= Шынын 
БЕНЕН 
| | a [Git 
IEEE IEEE : ш Lil 
panes 
Чеч E : 
Е E 
5 Е 
e (с Qc 
& - =) 
E “- 
$3 : 
Pe O x 
= ри 
e [oi з 
л 
: 8 © 
q š | 
ч = 
БЕЕН: | 
E p 


© Wow О 


150 


€ В 8 
8 e o E С? 


HEMO 1 40] W/A™ т әлоду gp “ 
a Бо от + (06 '06)4 
EMO T 40] шудт/ T әлоду 9р “06 0c) “ulBuəJ41S рә 


FCC- R- 6602 


VARIATION WITH DISTANCE BEYOND LINE OF SIGHT 
OF FIELD STRENGTHS EXCEEDED FOR 10 PERCENT OF THE TIME 


D = Miles From Transmitter 
О.з = Line of Sight Distance 


Radiated Power = 1 kW 


400- 1050 Мс/5 


Frequency 


x Grades 1 & 2 Long Term Data 
ж Grades 3 & 4 Long Term Data 


E 


260 


+P 


240 


Tr 


220 


All long term fixed location 
data corrected by - 6dB for 
preferred location bias 


HH 
as 


НЕНІҢ 
200 


ТЕН 


~ 


Dis 


D- 


Miles Beyond Line of Sight ( 


FIGURE 24 


сы 
3 
“2 
i 
a 
1 
Ey 
Qi 
ы: 


ы 
= 
= 
ші 
= 
Е- 
LL. 
о 
[тү 
с 
(2:4 
іш 
а. 
<> 
~ 
a 
° 
шы. 
са 
шы 
са 
іш 
ша 
с 
>< 
іш 


VARIATION WITH DISTANCE OF THE FIELD STRENGTHS 
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